Abstract. The aim of this work was the determination of the impact of phosphogypsum waste heap in Wiślinka (northern Poland) for radiological protection of zone around waste heap. 210 Po and 238 U radionuclides were accumulated mainly in the roots of the analyzed plant species. The significant source of polonium and uranium in the natural environment is dry and wet atmospheric fallout in the immediate vicinity of phosphogypsum waste heap and the transfer via root for distant areas. The general conclusion of realized study is higher influence of phosphogypsum on radioactive contamination of environmental zone around heap waste in Wiślinka (northern Poland).
Introduction
One of significant components of the Vistula river delta in northern part of Poland is phosphogypsum waste dump near Wiślinka village. The essence of radiotoxicity of phosphogypsum waste heap is not only gamma radioactivity, but very important are natural alpha radioactive elements, which are leached by rains and bioaccumulated in plant and animal organisms as well as in human organism. In the longer time they can cause the development of cancer disease (Skwarzec, 1995) . Uranium is a very dense, highly reactive metallic element that has the highest atomic mass of the naturally occurring elements. The principal source of uranium in the natural environment is the atmospheric precipitation of terrigenic material, as well as river waters and fertilizers. Moreover the concentration of uranium in the natural environment is increased by human activity including industry, fossil fuel combustion, metallurgy, oil refinery, nuclear industry, nuclear weapon tests, the use of uranium ammunition, the manufacture and processing of fuel rods, ore mining, as well as phosphogypsum waste heap (Skwarzec, 1995; Boryło et al., 2012 Po falling to the ground from the atmosphere, small amount of 210 Po is formed in situ as a result of the radioactive decay of uranium contained in seawater and additional quantities are emitted directly from the Earth as a result of forest fires and volcanic eruptions (Skwarzec, 1995) .
Materials and Methods
The surface water samples (10 l) were collected in November, October 
Results and Discussion
The obtained results of polonium and uranium determination in various environmental samples from Wiślinka area are given in Table 1 U radionuclides in phosphogypsum are immediately connected with the phosphoric acid production technology and concentration of these radionuclides in phosphorites (Burnett at al., 1996) . In the Wiślinka waste heap the estimated activity in 16 mln ton of phosphogypsum contains about 10.5 10 9 Bq for 210 Po and 1.6 10 9 Bq for 234+238 U. The highest concentrations of 210 Po and 238 U isotopes were observed in water samples from Wiślinka area: in pumping station and retention reservoir (166±1 mBq dm -3 and 14430±69 mBq dm -3 , respectively) which contains only contaminants from phosphogypsum waste heap (Tab. 1, Fig. 2 ). This fact can be explained by the lixiviation of polonium and uranium from phosphogypsum waste dump to water. Polonium and uranium concentration in the bottom water of the analyzed retention reservoir and pumping station increases with depth, indicating the diffusion process from dump surface to water. The relatively lower uranium and polonium concentrations were observed in water samples taken along the Martwa Wisła river. U concentrations were measured in old leaves and those longer exposed to atmospheric fallout. It is suggested that the transfer of the analyzed radionuclides via the root system is rather negligible. The principal sources of polonium and uranium in analyzed edible plants are dry atmospheric fallout and precipitation, and soil resuspension process. The smaller concentrations of 210 Po and 238 U were observed in roots of analyzed edible plants (Tab. 1). Despite having the same storage root system and the same tubers, plants accumulate varied amounts of radionuclides and this fact may be connected with e.g. turgidity of plants (determined by the water saturation) (Boryło and Skwarzec, 2011) . Also the some herbaceous perennial flowering plants have a very shortened stem, which forms the so-called 'bulb' (Szafer et al., 1988) . Thanks to this structure the water from atmospheric precipitation can flow downwards to the underground part of plant (Boryło and Skwarzec, 2011) .
The values of activity ratio (Fig. 3) . Po in green parts and roots as well as 6.4 and 3 for 238 U in green parts and roots times higher in comparison to non-contaminated vegetables (control samples). The substratum soil for analyzed plants were two types of soil: alluvial soils (generally private household I and II near phosphogypsum waste heap and private household near Czapielsk and Luzino) and peat (area near phosphogypsum waste heap).
The radionuclides activities in soil samples, which were collected around and from the slope of phosphogypsum waste heap, were much higher: from 231 to 1503 Bq kg -1 wet wt for 210 Po and from 875 to 34211 Bq kg -1 wet wt for 238 U. The lower polonium and uranium radionuclides' activities were estimated for soil samples from private household (alluvial soil) (Tab. 1).
Conclusion
As a result of resuspention from the surface of phosphogypsum waste heap aerosols are emitted to immediate surroundings. Apart from atmospheric deposition, the plants can receive radionuclides from radioactive fallout and from the phosphogypsum fertilized soils. The obtained results of determinations of radionuclides in various environmental points indicate that the 300-meter buffer zone is not able to offset the negative influence of phosphogypsum waste heap on the surrounding environment.
